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PHASE ONE REPORT:
DEVELOPMENT OF THE PINAL AMA REGIONAL GROUNDWATER FLOW MODEL
I. INTRODUCTION

A. INTRODUCTION

The Groundwater Management Act of 1980 estab]ished four geographic areas in
Arizona, known as Active Management Areas (AMAs), in which intensive ground-
water management is required to address severe impacts on groundwater supplies
from extensive groundwater withdrawals. The Pinal Active Management Area is a
4000 square mile area located in the south-central portion of the state be-
tween Tucson and Phoenix and lies within Pinal and Pima counties. The Pinal
AMA has a large multi-million dollar agricultural economy, with almost 164,000
acres currently farmed. Agriculture accounts for 91 percent of all current
water demand and 95 percent of groundwater depletions in the Pinal AMA. Of

available water supplies, 88 percent is contributed by groundwater (ADNR,
1985).

The primary management goal of the Pinal AMA-is to allow the development of
non—ir%igation uses and to preserve the existing agricultural economy for as
long as feasible without 1imiting future water supplies for non-irrigation
uses. The First Management Plan covers the period of 1986 through 1989 and
was developed to 1imit groundwater withdrawals and to manage groundwater
resources up to the year 1990. In December, 1985 the Modeling Section of the
Hydrology Division of the Arizona Department of Water Resources (ADWR) began
the development of a digital groundwater flow model to aid in the analysis of
management scenarios for the Pinal AMA. This report details the collection

and analysis of the basic data necessary for the model development. This



report also details problems associated with this effort, and offers

suggestions for the solution of these problems.

The Pinal AMA covers 4,000 square miles of South-Central Arizona. A map of
the Pinal AMA is provided in Figure 1. The study area encompasses approxi-
mately 1800 square miles and is the area within the AMA with the heaviest
development, highest population density, and is where the majority of the
water use occurs or will occur in the future. Figure 2 shows the model area
which encompasses about 1100 squére mi]es within the study area and was
determined largely by data limitations. Figure 3 shows the distribution of
wells with verified locations within the northern half of the Pinal AMA. This
distribution of wells represents those areas of highest groundwater data
resolution. The model area is bounded on most sides by non-water-bearing

mountain fronts and by severe data voids within Indian reservation boundaries

to the south, northeast and northwest.

This project is broken into two phases. Phase I consists of the hydrologic
and geo]ogfc characterization of the study area. Also presented are the
definition and quantification of gfoundwater recharge sources, pumpage, sub-
surface inflows and outflows, and recommendations to fil] critical data
deficiencies. Appendices of critical data are also included. Phase II will
include the development, calibration and verification of the regional ground-

water flow model, as well as recommendations for future modeling efforts.

Phase II is currently underway.
B. OBJECTIVE, GOALS, AND SCOPE OF STUDY

The ultimate objective of the Pinal AMA groundwater modeling effort is to

provide sound technical management tools with which to quantify the effects of



various groundwater management and conservation scenarios on groundwater
resources within the study area. At the onset of this study it was not known
whether the objectiveskcould be realized, due primarily to data limitations.
These limitations and their solutions are discussed in section IV of this
report. The reports generated under Phase I and Phase II of this model1ing
effort are the first step in an iterative process of model development and
use. It is expected that a useful predictive management model for the Pinal
AMA will be developed in the future, following the resolution of the data

deficiencies identified in section IV of this report and in the Phase II

study, now underway.

The goals of Phase I were three-fold: (1) to perform a comprehensive search
and collection of all current and historic hydrologic, geologic and land use
parameters (2) to analyze and interpret the assembled data,and (3) to define
data deficiencies and provide data collection recommendations. The goal of
Phase II (model development) is to develop a regional digital groundwater flow
model to further understanding of the hydrogeology of the AMA and to better
identify data needs and model code deficiencies. The scope of the Phase I
effort was limited by the availability and reliability of current and historic
data, the size of the study and model areas, and manpower restrictions. The
Phase I report also presents recommendations for the remediation of data
deficiencies. This report analyses data and derjves hydrologic parameters and
water budget components for the model area, but does not present data arrays

for use in the groundwater flow model. This will be done in the Phase II

report.



C. PURPOSE OF REPORT

The purpose of the Phase I report is to document the data collection activ-
ities and findings of the analysis of the hydrogeologic framework of the study
area, and to document the procedures used in the determination of inflows and

outflows, pumpage and recharge, and other model input parameters.

D. PREVIOUS AND ONGOING INVESTIGATIONS

Initiation of the current ADWR modeling effort began in December 1985.
However, several previous investigations by various individuals and groups

have been made. A bibliography of related reports, articles, investigations,

and maps is presented in Appendix E.

Smith (1940) documented a groundwater supply study of'the Eloy area in Pinal
County. W. F. Hardt and R. E. Cattany (1965) prepared a report which provided
detailed descriptions and analyses of the geohydrologic system in western
Pinal County. Anderson (1968) developed a regional electric analog analysis
of groundwater depletion in central Arizona. The US Bureau of Reclamation
(USBR) released a regional geology and groundwater resources report for the

Central Arizona Project for Maricopa and Pinal Counties (USBR, 1976).

From 1982 to 1984 a modeling study was conducted by ADWR to investigate the
Pinal AMA groundwater system. The study included collection of basic ground-
water data, and an investigation of aquifer geometry and hydraulic para-
meters. A preliminary invéstigation was conducted and a two-dimensional
groundwater flow model was developed and run at steady state. The model study
was subsequént1y postponed due to lack of manpower and data. Presently, Leake

and Pool of the US Geological Survey (USGS) are developing a three-dimensional



flow model of the Eloy sub-basin for use in a land subsidence and compaction

study (Leake and Prudic, 1988).
E. DATA SOURCES, DATA LIMITATIONS, AND MODEL CALIBRATION PERIOD

Hydrogeologic data have been collected in the study area for over 90 years.
However, the collected data have never presented a complete picture of the
hydrologic system within the AMA. Especially today the increasing complexity
of the hydrology of the AMA, due to surface water and groundwater develop-
ment, has exceeded the complexity of data collection efforts. In the 1890's
when data collection began in earnest, wells were shallow and relatively few
and the groundwater system was in a steady state condition. Surface water was
diverted directly from the Gila River, which was perennial through the AMA.

In 1928 Ashurst-Hayden Dam was completed on the Gila River. This provided a
more reliable surface water supply to the San Carlos Irrigation Project, which
occupies about 45,000 acres in the northern Eloy sub-basin of the AMA (see
Figure 1). Completion of the dam also altered the surface water use patterns
in the portions of the AMA near the Gila River. By the 1960's extensive
groundwater development had lowered groundwater levels by 400 to 500 feet in
some afeas of the AMA, and the deepening of wells and new withdrawal patterns
for the extensive agricultural base of the AMA had caused water level differ-
ences to develop between the aquifers. Groundwater data collection efforts by
the USGS and ADWR have not changed with the developing complexity of the AMA's
groundwater system, due primarily to budgetary constraints. Thus, although

historic data may be abundant, they do not fully represent hydrologic condi-

tions as they currently exist.

Static and pumping water levels, water quality analyses, and well construction

information have been collected and compiled by both the USGS and ADWR and are



currently accessible within ADWR's Groundwater Site Inventory (GWSI) and
USGS's WATSTORE data-base management systems. Figure 4 lists the availability
of water level measurement data between 1963 and 1987. Surface water flows
for the Gila and Santa Cruz River systems have been measured since the early
1900's. Records have been maintained and are available from the USGS. The
Bureau of Indian Affairs (BIA) San Carlos Irrigation Project (SCIP) has

annually reported surface flow measurements for various periods of record

dating back to 1930 for the San Carlos Reservoir, Ashurst-Hayden Diversion

Dam, Picacho Reservoir and the San Carlos Irrigation Project diversion and

canal distribution system.
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The ADWR Registry of Groundwater Rights (ROGR) Annual Reports available for
the calendar years 1984-1987 provided volumetric pumpage, water usage, Grand-
fathered Rights (GFR) irrigation acreage, and distribution of irrigation
waters for each right holder. Also available were the App1ications for Grand-
fathered Rights containing user-reported pumpage, irrigated acres, crops
grown, and distribution of irrigation waters for 1975-1979 for each applicant.
About four thousand geophysical, geologic, and drillers' logs are available
for analysis for geologic data and for aquifer parameter data. Methods of

analysis are individually addressed later in’this report.

Although there appear to be an abundance of data, a large percentage was dis-
counted for various reasons. For example, water levels were measured infre-
quently and usually at low spatial densities, and construction information for
measured wells was not always available to correlate water levels to hydro-
geologic units. Few surface water gages are located within the model area;
reported canal losses by the San Carlos Irrigation Project (SCIP) are actually
accounting losses and not measured losses, and therefore must be interpreted
accordingly. Accurate pumpage figures are available from ROGR only for 1984
to the present. Most data available on a regional basis do not easily lend

themselves to a more discrete areal distribution. Specific Timitations are

discussed in later sections.

Data and analyses are most complete and accurate for the period of 1985 to
1988. For this reason this period, although quite short, will be used to
calibrate the Phase II groundwater flow model to the extent possible. In some
sections of this report the period of analyses is extended to include previous
years. This was done either to i1lustrate historical trends, to provide the
reader with some insight into the variability of the data and the system, or

to illustrate data availability and confidence.

8



IT HYDROGEOLOGIC FRAMEWORK

A.  GENERAL REGIONAL SETTING - Geography, Physiography and Climate

The Pinal AMA is located in south-central Arizona. It is divided into five
sub-basins; Aguirre Valley, Eloy, Maricopa-Stanfield, Santa Rosa Valley, and
Vekol Valley (Figure 1). The greatest percentages of agricultural and urban
groundwater withdrawals are in the Eloy and Maricopa-Stanfield sub-basins.

The urban centers, ranked by decreasing population size, and located within
these two sub-basins are Casa Grande, Florence, Coolidge, Eloy, Maricopa and
Stanfield. Indian lands in the Eloy and Maricopa-Stanfield sub-basins include
the Tohono 0'Odham Indian Reservation (formerly the Papago Indian Reservation)

to the south, the Gila River Indian Reservation to the north, and the Ak-Chin

Indian Reservation near Maricopa.

The Pinal AMA is located in the Basin and Range Physiographic Province in
Arizona, which formed as a result of extensional tectonics approximately 15
million years ago. The main erosional agents of the present landscape are
ephemeral streams, sheet runoff from high intensity rainstorms, and aeolian
deflation (Hardt and Cattany, 1965). The physiography of the Pinal AMA
consists of broad alluvial plains with isolated mountains that rise abruptly
from the valley floor. -Land surface elevations range from 1000 feet to 3000
feet above mean sea 1eve1‘(MSL). Two major ephemeral streams traverse the
area: the Gila River fo the north, which flows east to west; and the Santa
Cruz River, which flows in a northwesterly direction. Their confluence is

located in the northwest corner of the Pinal AMA.

The Pinal AMA is an arid region, with precipitation averaging about eight

inches annually (ADWR, 1985). Rainfall generally occurs during two distinct



periods of the year. Tropical air from the Gulf of Mexico causes occasional
intense thundershowers during the summer months, particularly July and
August. Slow-moving storms from the northwest bring precipitation during the
winter months. Winter events are of lesser intensity, wider areal distri-
bution and longer duration than summer storms. Lake evaporation rates in the
AMA are estimated to be about 75 inches per year - about nine times the
average annual precipitation (USDC, 1968). 1In general, rainfall events are
infrequent, and of smal] depth, and most of the water is Jost to

evaporation. Therefore, rainfall is not considered to contribute directly to
aquifer recharge. Summer daytime maximum temperatures average from 100°F to

110°F, with winter daytime maximum temperatures averaging 60°F to 70°F.

B. GEOLOGY OF THE PINAL AMA

Four major hydrogeologic units were recognized and delineated in this study;
the Upper Alluvial Unit (UAU), the Middle Silt and Clay Unit (MSCU), the Lower
Conglomerate Unit (LCU), and the Hydrologic Bedrock Unit (HBU). Their deposi-

tional history, characteristics and Occurrence are discussed in the following

sections.

Depositional History of the Alluvial Units

The formation of the Lower Santa Cruz River Basin began during the Miocene
Epoch approximately 15-20 million years ago. Extensional tectonics resulted
in the formation of grabens (basins) and horsts (mountains) which were
separated by high-angle normal faults. Intermittent volcanic activity also
occurred during this period. The basins slowly filled with alluvium from mass

wasting of mountain highs and from nearby stream and sheet erosion. Coarse
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materials were deposited close to the basin edges while fine material settled
out toward the centers as the capacity of the water to transport heavier sedi-
ments diminished (Hardt and Cattany, 1965). Subsequent material was deposited
and the lower alluvial unit became consolidated and indurated from physical
and chemical processes associated with diagenesis. This depositional period

formed what is referred to as the Lower Conglomerate Unit.

Following the deposition of the LCU a period of renewed differential uplift
accentuated the previously formed ridges, troughs, and ranges (Hardt and
Cattany, 1965). The Casa Grande Ridge, a subsurface bedrock high, separated
the region into two distinct sub-basins: the Maricopa-Stanfield sub-basin to
the west and the E]dy sub-basin to the east. This buried ridge trends north
to south from the Sacaton Mountains to the Silver Reef Mountains
(approximately four miles west of Casa Grande) and played an important part in
the depositional history of the Eloy and Maricopa-Stanfield sub-basins. The
ancestral Santa Cruz River, entering into the Eloy sub-basin from the
southwest, and possibly the Gila River entering from the northeast, were
blocked and diverted by the newiy formed Casa Grande Ridge. This event
resulted in a low-energy lacustrine environment in the Eloy sub-basin charac-
terized by the deposition of silts, clays and evaporites. Contemporaneous
deposition of fines occurred in the western Maricopa-Stanfield sub-basin from
Santa Rosa Valley and possibly from the Gila River. This depositional period

formed what is referred to in this report as the Middle Silt and Clay Unit.

Several theories have been proposed to explain the depositional history of the
Maricopa-Stanfield sub-basin. Hardt and Cattany (1965) suggest simultaneous
sedimentation of the basins from separate sources: Eloy from the Santa Cruz

River and Maricopa-Stanfield from the outflows of the Santa Rosa Wash.
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Available information suggests that once the Eloy sub-basin was sufficiently
silted up to allow the throughflow of the Santa Cruz River, substantial

deposits of silts, clays, and evaporates began to form in the Maricopa-

Stanfield sub-basin.

Commencement of the current depositional period, forming the Upper Alluvial
Unit coincided with the through-flowing of the Santa Cruz River to its con-
fluence with the Gila River near the Sierra Estrella Mountains. These un-

consolidated materials occur in both basins and were deposited through fluvial

depositional processes.

Definition of Hydrogeologic Units

The hydrogeologic units discussed above were defined for the Phase I study by

using well logs from about 4000 wells in the study area and by using a limited

quantity of pump tests.

The accurate identification and mapping of the alluvial deposits and
impermeable units was one of the most crucial tasks in the development of the
Pinal AMA'groundwater flow model. A comprehensive well log file was assembled
and a complete analysis of those logs undertaken. The file includes all well
logs on file with ADWR and the accompanying site inventories from both the
ADWR and USGS. Additional logs and analyses were obtained from the Arizona
011 and Gas Conservation Commission (AOGCC), US Bureau of Indian Affairs

(USBIA), US Bureau of Reclamation (USBR), and others.

The analysis was accomplished using a variety of information and interpretive
techniques. A combination of geophysical, geologist and drillers' logs, and

particle-size analyses for about 4,000 wells were located and analyzed to map

12



hydrogeologic units. Geophysical well logs provided the most reliable
information. Although the interpretation of geophysical logs was primarily
qualitative, certain generally accepted guidelines were followed. Table 1
summarizes common borehole measurement ranges for different types of surveys
in various alluvial materials used in this study. The number of useful
geophysical logs available in the Eloy sub-basin was substantially larger than
for Maricopa-Stanfield. Geologist logs and particle-size analyses also pro-
vided a more reliable quality of information than did the drillers' logs.
Geophysical and geologists logs were available from oil, gas, copper, and
geothermal exploration, from site investigations for the USBR Central Arizona
Project canal, and from large water production wells. Appendix B lists all

known geophysical and geologists logs and their sources for the Pinal AMA.

Approximately 4,000 drillers' logs were assembled and reviewed for the

study. These logs are tabulated in Table 2. A sufficient number of deep well
logs greater than 1000 feet in depth were available to provide good definition
of the stratigraphy, with numerous well logs greater than 2000 feet deep pene-
trating all major hydrogeologic units. Each log was reviewed and categorized,
with stratigraphic breaks, trends, potential for perching, and anomalies
noted. Although drillers' logs are relatively unreliable as an information
source, their conjunctive use with more reliable data provided valuable
results. In many areas drillers' logs were the sole data source and it was
necessary to use these logs and interpret geologic conditions using infor-

mation gained by comparing driller's logs and other types of logs in areas

where better data were available.
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TABLE 1

COMMON LOGGING PARAMETERS OF ALLUVIAL SANDS, GRAVELS, AND CLAYS

Parameter Sands and Gravels Clays
Electrical

Resistivity 10 - 70 OHM « M 2 -9 0HM * M
Gamma

Radiation 30 - 80 APIU 40 - 90 APIU
Acoustic

Delta T 80 - 133 Microseconds/ft > 133 Microseconds/ft
Bulk

Density 2.2 - 2.5 g/ce 2.05 - 2,3 g/cc
Neutron

Porosity 21 - 36% > 40%

(Source: Corkhill, 1980)

TABLE 2
Well Depths in the Pinal AMA

Cumuliative

Depth Range (ft) No. wells Percentage Percentage
< 100 - 1400 - 34,6 34.6
100 to < 200 620 15.3 49.9
200 to < 400 399 9.9 59.8
400 to < 600 572 14,1 73.9
600 to < 800 328 8.1 82.0
800 to < 1000 280 6.9 88.9
1000 to < 1200 215 5.3 94.2
1200 to < 1400 13 2.8 97.0
1400 to < 1600 73 1.8 98.8
1600 to < 1800 16 .4 99.2
1800 to < 2000 11 .3 99.5
2000 to < 2500 7 .2 99.7
2500 12 .3 100.0

An extensive search for pump test and aquifer test results was conducted.
Water companies, well drilling and pump companies, consultants, and federa],
state, county, and city governments were contacted. Data from thirty tests
were collected and analyzed, but were of Timited use for reasons including

surging, short test duration, multiple aquifer completions, or data

deficiencies.
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Aquifer parameters were initia11y derived from the application of the DWR's
Drillers' Log Program (DLP) (Long and Erb, 1980). The DLP was designed to
analyze drillers' logs for approximate aquifer characteristics and can provide
useful results when applied on a regional basis and tied to more reliable
data. Results from the DLP were contoured using kriging interpolation and an
inverse distance weighting method for regional contouring in order to define
the areal character and magnitudes of specific yields and hydraulic conduc-
tivities. Table 3 details the initial estimates of hydraulic parameters
derived from the DLP for use and in the conceptual water budget and in the

model. These estimates may be modified during Phase II.

TABLE 3

Initial Hydraulic Aquifer Parameters from
Regional Application of the Drillers' Log Program

Hydraulic
Conductivgty Specific Yield Storage
Wells (gal/day/ftc) (percent) Coefficient
Unit Analyzed Min Max Mean Min Max Mean (dimensionless)
UAU 913 100 1150 436 5 20 11 N/A
MSCU 614 1 <25 16 3 7 4 N/Q 5
LCU 163 4 998 254 3 18 9 107°-107°*

* Driskol, 1986

Hydrogeologic Units

Upper’A11uvia1 Unit

The UAU is at the land surface for almost the entire study area. The UAU
consists mainly of unconsolidated to slightly consolidated interbedded sands
and gravels with some finer grained materials existing as lenses. Drillers'

log descriptions of this unit include sand, sandy clay, sandy gravel, sand and

15



gravel, and sand with clay. The lower half to third of the UAU is a transi-
tional zone, in which relatively coarse UAU material is interbedded with finer
alluvial material typical of the underlying MSCU. The UAU thickness ranges
from less than 50 feet near mountain fronts to 1200 feet at the basin

centers. The UAU is a significant hydrogeologic unit throughout the model
area, and is the uppermost aquifer. The UAU is an unconfined aquifer
throughout most of the study area, however, confined aquifer conditions have
been observed in some areas of the Eloy Sub-basin (Pool, 1988). Ground water
is derived from two storage sources in the UAU: 1) the drainage of pore spaces
as the water table declines; 2) the compression (both elastic and inelastic)
of lenticular fine-grained sediments. The UAU is a highly productive unit,
and can yield large quantities of water to wells. Well yields range upward to

3000 gpm (USBR, 1976) throughout the model area.

UAU structure and isopach contour maps have been generated (Figures 5, 6).
Substantial dewatering of the UAU has taken place in the Maricopa-Stanfield
Sub-basin and in the Casa Grande ared. The 1984/1985 UAU Aquifer Thickness

Map (Figure 7) shows the remaining saturated extent of this unit.

The initié1 hydraulic parameters for the UAU were generated by a DLP analysis
of 913 wells penetrating the UAU. Estimates from wells with less than 200
feet of penetration tended to provide results for dewatered zones of the UAU,
and were omitted as unrepresentative of the aquifer. Specific yields ranged
from 5 to 20 percent with a mean of 11 percent. Hydraulic conductivities

ranged from 100 to 1150 gpd/ftz, with a mean of 436 gpd/ftz.
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Middle Silt and Clay Unit

The MSCU sediments are fine grained and consist predominantly of silt, clays
and sands. Drillers' log descriptions of the MSCU include clay, sticky clay,
silty clay, jointed clay, sandy clay, clayey silt and silt. The areal extent
of the MSCU is dependent on the depositional history of each basin, which
altered the occurrence and path of throughflowing streams. The MSCU varies in
thickness from less then 50 feet to greater than 1600 feet in the Maricopa-
Stanfield sub-basin and greater than 6500 feet in the Eloy sub-basin. The
thickness increases toward the basin centers and decreases toward the edges of
the Casa Grande Ridge. Concurrent and/or post depositional down-warping is
indicated in d]] MSCU areas. Figure 5 indicates the areal extent and struc-
ture contours of the MSCU. A generalized isopach map of the MSCU is presented
in Figure 8. The MSCU comprises a second regional aquifer. Confined and un-
confined conditions exist in the MSCU, but confined conditions are predom-
inate. Ground water is derived from two storage sources in the MSCU: 1)
compression of fine grained sediments. Inelastic compression of the aquifer
skeleton yields a one-time-only source of water and is closely associated with
aquifer compaction and land subsidence (Leake and Prudec, 1988). 2) expansion
of water caused by decreasing fluid pressures. The MSCU can be locally produc-
tive when wells penetrate sand or gravel stringers. On a regional basis,

however, its productivity is much less than the UAU.

The MSCU may be divided into two sub-units. The uppermost sub-unit consists
of 90% clays with the intermittent occurrence of gravel and sand lenses. In
the deeper areas of the basins evaporite deposits consisting mainly of anhy-
drite (USBR, 1976), with minor clay and silt form the lower sub-unit. A
formal subdivision of the MSCU went beyond the scope and desired resolution of
this study, and therefore was not made.
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The initial hydraulic parameters for the MSCU were generated from a DLP
analysis of 614 wells. Specific yields ranged from 3 to 7 percent. Hydraulic
conductivities normally were less than 25 gpd/ftz. The highest values of both
parameters were along the unit's periphery and within the upper MSCU sub-
unit. The lowest values were found generally near the basin centers. A
secondary storage factor or storage coefficient under confined conditions was
assumed to be 10-3 to 10 ~° (Driskol, 1986). Maps of aquifer parameters and
the potentiometric surface were not prepared for the MSCU due to the
discontinuous nature of the sand and gravel stringers in this unit. These
stringers may be locally productive but do not interconnect hydraulically to

such an extent that they form a unified regional aquifer.

Lower Conglomerate Unit

The LCU is the deepest alluvial deposit in the study area and occurs beneath
each basin. The 1ithology is characterized.by semi-consolidated to consoli-
dated coarse sediments consisting of granite fragments, cobbles, boulders,
sands and gravels. Although the Tithology of the LCU varies by location
within each basin, it is clearly discernable from the available logs.
Dril]ers"log descriptions include conglomerate, cemented sands and gravels,
hard sand, gravel, and sharp sand. The thickness of the unit ranges from less
than 50 feet to over 1560 feet, with maximum thickness unknown. Depths from
the land surface to the top of the LCU range from less than 50 feet to greater

than 6700 feet near Eloy. A LCU structure contour map has been developed
(Figure 9).

The LCU is the third and lowest aquifer in the study area and, in some exten-
sively dewatered areas, is the most utilized. The LCU is a productive unit in

many locations throughout the study area. Where the LCU aquifer is in direct
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contact with the UAU it is generally unconfined, and groundwater is derived
from storage primarily from the drainage of pore space. Where the MSCU is
present the LCU aquifer may be under confined or semi-confined conditions, and
water is yielded from compression of fine grained materials and expansion of
water caused by decreasing fluid pressures. Well yields from LCU wells can

approach those associated with UAU wells.

Hardt and Cattany (1965) referred to a Local Gravel Unit (LGU) at the outflow
of the Santa Rosa sub-basin where unconsolidated gravels dominate the 1ith-
ology. The hydrogeologic analysis confirmed the presence of this sub-unit but
insufficient data hindered definition of its exact structural character. The
approximate extent of the LGU is shown on Figure 9. Water wells completed
through this sub-unit generally have yields exceeding those of the UAU. For

the purposes of this study, the sub-unit was considered part of the LCU.

The initial hydraulic parameters for the LCU were generated from a DLP
analysis of 163 wells. Only those wells with greater than 200 feet of
penetration of the LCU were analyzed. The specific yield ranged from 3 to 18
percent with a mean of 9 percent. The storage coefficient is estimated
between‘10‘3 to 1072 (Driskol, 1986). Hydraulic conductivities averaged 254
gpd/ft2 and ranged from 4 gpd/ft2 in extremely deep and compacted areas to 998
gpd/ft2 in the Local Gravel Unit.

Hydrologic Bedrock Unit

The HBU consists predominantly of Precambrian granite, gneiss, and schist, the
remainder consists of Mesozoic granite and related crystalline intrusive
rocks, volcanic flows, and sedimentary and metamorphic rocks. The HBU forms

an impermeable boundary which underlies and borders the model area. The HBU
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is described in driller's logs as bedrock, hardrock, granite, mountain for-
mation, or rock. Further discrimination between different types of bedrock
was unmerited since they do not yield appreciable quantities of water. The

HBU is not considered an aquifér in this modeling study.

The HBU underlying much of the study area is at depths seldom reached by water
wells, therefore efforts were concentrated near basin edges where most HBU
values were observed in logs. Problems encountered during log analysis for
the HBU were scarcity of geophysical logs, and the uncertainty of drillers'
logs descriptions of bedrock. In the 1100 square mile model area, only 60
values for HBU were found with acceptable confidence. An unsuccessful attempt
was made to statistically and graphically correlate observed HBU depths with
residual Bouguer gravity anomaly maps using five best fit methods and regres-
sions. Further attempts at Cross-sectional gravity modeling were beyond the
scope of this study. Previous reports were reviewed but most were found to
have inadequate resolution. A depth to bedrock map, developed by Oppenheimer

and Sumner (1980), was digitized and aided in the development of the final HBU

map.

HBU depthé below land surface range from ground level at the mountain fronts
to 9880 feet at the Humble Well (D-8-8) 2DBC, near the center of the Eloy sub-
basin (AOGCC, 1987). The HBU is near the land surface underlying an extensive
area near the City of Casa Grande. In this area the HBU forms a northfsouth
trending ridge just west of the City of Casa Grande. This shallow sub-surface

feature is commonly referred to as the Casa Grande Ridge. Figure 10 is the

HBU structure map.
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Geologic and Hydrogeologic Sections

Geologic sections were constructed for the Pinal AMA to aid in structural con-
touring. Six regional sections were constructed using one to two of the most
representative wells per township for each of the transect lines (Figure
11.1). Figure 11.2 is a generalized east-west section which shows the basic
hydrogeologic character of the model area. The detailed regional geologic

sections are presented in Figures 11.3 - 11.8.

Land Subsidence and Earth Fissuring

Groundwater depletion and water level declines in the study area have caused
compaction of silt and clay layers, which has resulted in large scale
subsidence and earth fissuring. Benchmark releveling has indicated subsidence
s occurring throughout the study area. More than 15 feet of land subsidence
was measured as of 1985 in the Eloy sub-basin south of the City of Eloy. 1In
the Maricopa-Stanfield sub-basin near Stanfield, land subsidence was measured

at 11.8 feet by 1977, (Schumann and Genualdi, 1986).

Earth fissures in the Pinal AMA are common at basin edges or near the peri-
phery of subsidence areas. They are caused primarily by differential land
subsidence stretching the sediments and producing horizontal tensional
stresses. These fissures eventually connect to form linear systems, the

longest being about nine miles in length near Picacho Peak.

The compaction of compressible fine-grained sediments from water level de-
clines is of considerable concern to groundwater flow modeling in the study
area. Compaction of compressible sediﬁents affects the water-bearing pro-
perties of an aquifer, resulting in diminished groundwater storage capacity
and lower hydraulic conductivities. The USGS (Pool, 1988) estimates that up
to one third of the ground water pumpage in the Eloy area may have been

derived from compaction since the mid-1960's.
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C. GROUNDWATER HYDROLOGY

Methodology of Data Analysis

Measured water levels for over 4000 wells from 1900 to 1988, totaling some
8000 values within the Pinal AMA, were available from the GWSI. Values for
desired years were then isolated, p]otted, and contoured both manually and by
computer. Water Tevels were assigned to the UAU, MSCU, and LCU according to
available well perforation information and the maps of hydrogeologic
structure. A1l final contouring was automated by the use of a computer-based
program which allowed depth to water, elevation, saturated aquifer thickness,
dewatered area, and water level decline maps to be generated from user-input
water level elevation and hydrogeologic structure data. Maps were developed
for the UAU and LCU aquifer systems. Maps were not developed for the MSCU
because the water-transmitting sand and gravel stringers of this unit are not

hydraulically continuous across the study area.

About 70 hydrographs were generated. Where several aquifer systems or
perching systems exist, two or three hydrographs were overlain, data
permitting. Appéndix A is a partial compilation of selected hydrographs.

Figure 12 indicates the location of these hydrographs.

Historical Development of the Groundwater System

1900 (predevelopment) to 1920

Prior to 1923, the hydrogeologic system in central Arizona was considered to
be in equilibrium (Anderson, 1968). Thomsen and Baldys (1985) of the USGS
released a report outlining pre-development water levels, circa 1900, in

central Arizona. Most of the water levels presented were measured during the
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years 1897 and 1905. Depths to water ranged from 10 to 70 feet below land
surface prior to groundwater withdrawals. Groundwater flow as inferred from
water level contours, was to the northwest in a gently sloping UAU water table
(Thompsen and Baldys, 1985). The LCU potentiometric surface probably was near
the UAU groundwater table in many areas. However, Smith (1940) indicates that
wells that were drilled to depths greater than 500 feet in the Eloy area
during the mid-1930's encountered water Tlevels significantly higher than those
in shallower wells. The altitude of the water levels in these deeper wells is
greater than the altitude of the water table shown on the map of Thompsen and
Baldys (1985). These wells indicate that vertical head gradients existed in
the Eloy area before development of the area. The greatest underflow into the
Eloy sub-basin occurred along the Gila River near Twin Buttes. Underflow into
the Eloy sub-basin also occurred south of Picacho Peak along the Santa Cruz
River and from the Cactus Forest area north of the Picacho Mountains.
Underflow occurred out of the AMA along the Gila River and on the north

between Pima Butte and the Sierra Estrella Mountains.

1920 to 1963

Long—term pumpage for irrigation did little to disrupt the regional
hydrogeologic system prior to the 1940's, but by the late 1940's impacts from
increased pumping, the creation of new recharge sources and areas, and the
diversion of natural surface runoff became apparent. As water levels fell,
perched water bodies were left behind, wells were deepened to draw from
multiple hydrogeologic units, and cones of depression formed near pump1ng

centers. Differences between UAU and LCU water levels began to develop as the

result of groundwater withdrawals.
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A composite water level elevation map was prepared from the 156 measured water
levels for 1963 (Figure 13). A composite water level map represents water

levels from wells that are completed in multiple aquifers.

The UAU became dewatered in many parts of the Maricopa-Stanfield sub-basin.
The remanent UAU aquifer thickness ranged from O feet to 400 feet in the
Maricopa-Stanfield sub-basin. Depths to water were measured at approximately
100 feet to 515 feet. Flow patterns for 1963 were very different from those
of the system in equilibrium. The direction of flow by 1963 was generally
towards the northwest from Casa Grande, and south from the Gila River. A
large cone of depressibn had formed beneath and immediately south of the Ak
Chin Indian Reservation. Water table gradients indicated no underflow out of

the Maricopa-Stanfield sub-basin.

Dewatering of the UAU was not as extensive in the Eloy sub-basin. UAU aquifer
thickness ranged from 0 feet to 940 feet and depths to groundwater ranged from
32 feet for a perched system near Casa Gfande to 300 feet near Picacho Peak.
Groundwater flow directions were north-northwest from the Picacho Peak area
and generally west-southwest from the Cactus Forest area. Water table
gradienfs indicate some underflow out of the sub-basin along the Gila River to

the northwest, and also underflow to the Maricopa-Stanfield sub-basin west of

Casa Grande.

As the regional water table declined wells were deepened and pumpage from the
LCU increased. An extensive perched system developed in the upper half of the
UAU near Casa Grande. Although this system is believed to have originally
occurred as a remnant water table, it is currently recharged and maintained by
agricultural return flows, irrigation canal losses, and other sources. The

western extent was marked by a sharp drop in water levels to the regional
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water table just west of the Casa Grande Ridge. The eastern boundary was not
clearly pronounced and it appeared that the perched system gradually dropped
to the regional water table. The vertical saturated thickness of the perched
system is not known. A 1973 drilling report from a water well located at (D-
6-5)13BAD reported water at a depth of 55 feet. The driller then cased off

140 feet of the well through the perched zone and again encountered water at
435 feet.

A thorough definition of the regional water levels beneath the perched zone
was not possible for 1963. Since almost every well was completed in both the
perched zone and the regional aquifer system the water levels measured in
wells were composites which generally represented shallower perched water

levels. The composite water leve] map (Figure 13) therefore represents this

perched zone rather than the underlying regional system.

A map of the 1963 potentiometric surface of the LCU was not constructed.
However, it may be loosely interpreted from the composite water level map,
Figure 13. Where the UAU is dewatered and the MSCU does not overlie the LCU,
the potentiometric surface shown in Figure 13 is that of the LCU. Where the
MSCU exisfs, the potentiometric surface of the LCU is assumed roughly equal to
or greater than that of the unconfined UAU aquifer water levels, except in the
vicinity of the Casa Grande perched system. By 1963, in the basin centers
where the LCU potentiometric head is the greatest, few wells had penetrated

this unit, nor was there significant pumping of groundwater from the confined

aquifer.

The water levels associated with the MSCU were not contoured for 1963. Again,

this is because the MSCU is not hydraulically continuous throughout the study

area.
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1963 to 1977

Continued pumping and increased development from 1963 to 1977 further impacted
the hydrogeology of the area. Groundwater leve] changes over this l4-year
period ranged from 90 feet of rise in the Eloy sub-basin south of Casa Grande
Mountain to 352 feet of drawdown west of the town of Maricopa, with measured
depths to water ranging from 34 feet to 708 feet below land surface. Figure
14 shows contours of 1977 composite groundwater elevations. As with 1963
water levels, the LCU and MSCU potentiometric surface were not separately

analyzed. There were 239 measured water Tevels for 1977.

Groundwater flow directions in the Maricopa-Stanfield sub-basin were generally
directed toward the cones of depression near Maricopa and Stanfield and south
from the Gila River. Inflow to the regional water table was also from the
east from under the Casa Grande perched system. Figure 15, which shows water
level changes from 1963 to 1977, was derived by using water levels from wells
~measured for both years. Large declines in water levels were observed
throughout the entire Maricopa-Stanfield sub-basin. Expansion of the cones of
depression under the eastern and western edges of the Maricopa Indian Reser-
vation‘had occurred. Large drawdowns were also observed southwest of
Stanfield. A second set of water levels are contoured on the 1977 composite
water Tevel map. These are water level contours of the remanent UAU aquifer
in the Maricopa-Stanfield sub-basin. The composite groundwater map clearly
11lustrates the separation of the water levels in the UAU from the

potentiometric surface of the LCU in the area of the Maricopa-Stanfield sub-

basin.

The Eloy sub-basin experienced no significant changes in flow patterns. 1In

the north, groundwater flow direction was south to southwest from the Gila
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River and Cactus Forest areas, while the groundwater flow south of Picacho
Peak was to the northwest. Flattened UAU groundwater gradients were common
throughout the Eloy sub-basin. Figure 15 shows virtually no drawdown impact
to the northern Eloy sub-basin between 1963 and 1977 emphasizing the stabil-
izing impacts of agricultural return flows and Gila River flows. However,
large declines in water levels were observed in the southern Eloy sub-basin.

The Casa Grande perched system experienced water level declines of as much as

50 feet over the 14 year period.

1977 to 1985

The analysis of groundwater levels for October 1984 through March 1985 was the
most complete and comprehensive for al] years studied. Individual water
levels were classified by hydrogeologic unit using hydrogeologic unit eleva-
tion maps, (Figures 5 and 9), and well perforation information. For data-
deficient and "problem" areas, additional groundwater levels were measured in

1986. Contours were then generated for the UAU and LCU using over 1300

measured water levels.

Figures 16 and 17 show 1985 UAU groundwater elevations and depths to water.
F1gure 16 also shows the groundwater elevations of the Casa Grande perched
system. These maps differ from the composite water 1eve1 maps for 1963 and

1977 in that separate UAU regional water levels are shown, and the Casa Grande

perched system is contoured as a separate system.

UAU groundwater flow directions may be inferred using Figure 16. In both sub-
basins the groundwater flow was directed toward the cones of depression. In
the Maricopa-Stanfield sub-basin, the areal extent of UAU dewatering increased

and decline rates continued to be significant near the Ak Chin Indian
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Reservation, reflecting nearby groundwater withdrawals. Some recovery was
observed to the north along the Gila River Indian Reservation. The Eloy sub-
basin experienced no significant change in UAU flow patterns from 1977 con-
ditions. In the early to mid 1970's, many production wells in the northern
Eloy éub—basin were deepened to tap the LCU aquifer rather than the rapidly
declining UAU aquifer. The effects of the reduced UAU pumping and relatively
abundant surface water due to wet years are evidenced by a reduction in the
water level decline rates and in some areas a water level rise. In the
northern Eloy sub-basin the flow direction was south to southwest, while the

groundwater inflow south of Picacho Peak was to the northwest.

A thorough analysis of the LCU water levels was performed to produce a LCU
potentiometric surface map. Figure 18 shows the estimated potentiometric sur-
face elevation contours for the study area including the regional LCU water
table beneath the Casa Grande perched system. Figure 19 is the generalized
depth to the LCU potentiometric surface for 1985, and represents the probable
static depth to water in a well drilled and perforated in the LCU, which is a
confined aguifer except near basin margins and in areas of the Maricopa-

Stanfield sub-basin where the UAU has been de-watered and the MSCU is absent.

LCU groundwater flow in both sub-basins was directed toward cones of depres-
sion. In the Maricopa-Stanfield sub-basin the LCU groundwater flow was direc-
ted toward the basin center. In a large part of the Eloy sub-basin it was not
possible tb develop the potentiometric surface map due to data deficiencies
and groundwater flow directions are not known in this part of the sub-basin.
However, flow was directed toward a cone of depression south of the Casa

Grande Mountains caused from extensive pumping from deep wells in that area.
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The trend in composite groundwater level changes between 1977 and 1985 can be
seen in Figure 20. Groundwater levels generally declined in the Maricopa-
Stanfield sub-basin. The declines ranged from 5 to 224 feet. In the northern
Eloy sub-basin the groundwater levels rose from 2 to 40 feet. In the southern
Eloy sub-basin the groundwater levels declined. The declines ranged from 5 to
40 feet. Although the net trend for 1977 to 1985 was one of declining water
levels, hydrographs show a decrease in the rates of annual decline over the

eight year period in both sub-basins (See Appendix A).

1985 to 1988

Large groundwater level rises occurred primarily in the Eloy sub-basin, while
declines continued in the Maricopa-Stanfield sub-basin between 1985 to 1988.
Measured index wells provided sufficient groundwater elevation data to esti-
mate 1988 regional water levels. Groundwater flow directions were similar to

those in 1985. Groundwater level changes between 1985 and 1988 are shown in

Figure 21.

Groundwater flow in the Maricopa-Stanfield sub-basin was directed toward cones
of depression located south of the Gila River and west of the Casa Grande
Ridge. The effects of continued pumping near the Maricopa Indian Reservation
were evident. Some recovery of groundwater levels occurred west of Maricopa
and north along the Gila River Indian Reservation due to reduced agricultural

irrigation and recharge along the river channel from wet years.

The Eloy sub-basin experienced regional water level recoveries of as much as
46 feet between 1985 and 1988. The largest rises were centered in the basin
near Eloy, the Pichacho Reservoir, and the San Carlos Irrigation Project area.

Groundwater level recovery of as much as 20 feet was present near Casa
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Grande. No water level measurements were available near the cone of
depression west of the Picacho Mountains. Various factors have probably
contributed to the recovery of water levels within the Eloy sub-basin.
Possibly deep percolation of 1983 flood water in the Santa Cruz River channe]
and Gila River channel has had some effect. It is also possible that the
reduction in pumping associated with the Payment in Kind (PIK) program

contributed to the recovery.

Another factor contributing to the water level rises measured in the Eloy sub-
basin is not fully recognized in historic groundwater level collection
activities. Most of the recharge in the sub-basin has occurred to the UAU,
while wells have been deepened and groundwater withdrawals have increased in
the LCU. Historic groundwater level data tend to reflect data from index
wells, many of which have records extending for many years but which are
perforated in several aquifers. The measured water levels in these wells
represent a "composite" of the mix of aquifers and no longer fully reflect the
developing complexity of the groundWater system of the Pinal AMA. It is
possible that data from only the LCU aquifer would not show a large rise, but
instead a drop in overall groundwater levels. Unfortunately, availability of
aquifer-specific water level measurements do not permit the confirmation of
this explanation. The conceptual water budget developed for the Eloy sub-

basin, discussed later in this report, lends some credence to this explanation

however.
D. Surface Water Hydrology

Of the three main watercourses in the Pinal AMA, only the Santa Cruz and Gila
Rivers significantly interact with the groundwater systems of the model

area. Santa Rosa Wash, an ephemeral stream running north into the Maricopa-

31



Stanfield sub-basin near Vaiva Vo, was dammed by the US Army Corps of
Engineers in 1974 for flood control purposes. Dam releases and spillage from

the Tat Momolikot Dam are negligible and are not believed to impact the

hydrogeo]ogy‘of the model area.

The Santa Cruz River flows ephemerally into the Pinal AMA between Picacho Peak
and the Silverbel] Mountains. It runs in a northwesterly direction to its
confluence with the Gila River near the Sierra Estrella Mountains. Sporadic
natura] surface water runoff is augmented by sewage effluent and agricultural
return flows from the Upper Santa Cruz and Avra Valley sub-basins. The
majority of flow, when present, is diverted for agriculture shortly after
entering the AMA. Only for extraordinary rainfall events do appreciable
surface flows reach the Eloy sub-basin. Seasonal flow also occurs in the Santa

Cruz River between Casa Grande and the Gila River, primarily from agricultural

return flows, and effluent discharges.

Streamflow data for the Santa Cruz River within and near the model area is
inadequate for determining streamf]bw Or groundwater recharge. The closest
upstream gage is Santa Cruz River at Marana (USGS gage 09486250),
approximately 15 miles upstream of the Pinal AMA boundary. No information is
available to identify diversions from flow. Santa Cruz River outflows are
available from a streamflow gage on the Santa Cruz River near Laveen (USGS
gage 09489000), near its confluence with the Gila River. The low flow at this
gage is from irrigation return flows and from municipal effluent discharges.
Effluent discharges were estimated to be less than 4000 acre-feet per year by
the Pinal AMA staff. Larger flows are primarily runoff in response to
precipitation events within the Pinal AMA. Groundwater recharge from the

Santa Cruz River is considered negligible in this study, but a recommendation
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for field work to better quantify this factor has been made in Section IV of

this report.

The Gila River system is the largest and most important source of surface
water in the Pinal AMA. The river flows into the AMA northeast of Florence
and continues west through the Gila River Indian Reservation just north of the
Sacaton Mountains. In 1928 the BIA constructed the Coolidge Dam on the Gila
River near Globe as part of the San Carlos Irrigation Project (SCIP) for the
purpose of providing stored surface water to 100,000 acres of farmland. About
45,000 acres are currently supplied irrigation water by the SCIP. Water
released from Coolidge Dam is diverted at the Ashurst-Hayden Diversion Dam for
delivery to the San Carlos Irrigation Project. The project then distributes
the water to its customers via a predominantly unlined canal system. Flow in
the canals is augmented by groundwater from wells. The SCIP office in
Florence compiles flow and loss data, together with reported canal diversions,
and summarizes this data in an annual report. These reports have been used to
calculate Gila River recharge and canal losses, however, these reports provide
only a general picture of water diversions and use in the SCIP area as a
whole. - It was estimated that the average annual recharge from SCIP canal

seepage to the UAU in the model area was 138,000 acre-feet for the period
1985-1988.
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III GROUNDWATER BUDGET: INFLOWS AND OUTFLOWS

The inflows and outflows for the Pinal AMA conceptual water budget are
presented by this section in four parts: A) subsurface inflows and outflows

(underflow), B) pumpage, C) recharge, D) and a conceptual groundwater budget.

A. GROUNDWATER UNDERFLOW

The calculation of model area underflow is fundamental to the development of a
conceptual water budget. Underflow (or groundwater flux) is defined as
groundwater which flows in or out of the Eloy and Maricopa-Stanfield sub-
basins through the subsurface in response to a hydraulic gradient. Figure 22

shows the areas where significant inflows and outflows exist.

Underflows were calculated using flow-net analysis. Fluxes were calculated
separately for the UAU and LCU. The MSCU was not considered since the unit is
absent near basin edges. Analysis of 1985 groundwater levels indicated signi-
ficant hydraulic gradients exist at the mode] area boundaries. Water levels
and hydraulic gradients were estimated for data deficient areas. Structure
contour and groundwater level maps provided the information to determine

aquifer‘cross-sectiona1 area and saturated thickness for each flow net.

The UAU saturated thickness was derived from Figure 7. The LCU saturated
thickness is equal to the difference between the LCU potentiometric surface
elevation and the bottom elevation of the LCU.- If the LCU potentionmetric
surface elevation is greater than the top elevation of the LCU, the saturated
thickness is equal to the difference between the LCU top and LCU bottom eleva-
tions. It is believed that 1ittle subsurface flow occurs in the LCU below a
saturated thickness of 2000 feet. Therefore, the LCU saturated thickness was
limited to a maximum of 2000 feet. Preliminary hydraulic conductivities

derived during steady state model calibration were used.
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The Darcy flow equation was used to calculate flux through each flowtube.

Q=KiA where Q is volume of flow
K is hydraulic conductivity
i is hydraulic gradient
A is saturated cross-sectional area

The fluxes for each area did not vary significantly from 1985 through 1987.
This is evidenced by the lack of change in water levels near basin edges
during this period. Individual flows are summarized in Table 4, and totaled
in the conceptual water bUdgets, shown in Part D of this section.

These are

preliminary estimates based on representative hydraulic conductivities. Since
these aquifer parameters will be modified during the modeling process, these

estimates are subject to change during Phase Two of this project.
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TABLE 4

GROUNDWATER INFLOWS/OUTFLOWS 1985-1987
PINAL AMA MODEL AREA
(See Figure 22)

FLUX AREAS (ACRE-FT/YR)*

INFLOWS

Aguirre Inflow 4,100

Cactus Forest Inflow 2,800

North Maricopa - Stanfield Inflow 32,000

South Picacho Peak Inflow 35,300

Waterman Wash Inflow 600

| TOTAL INFLOW 74,800
OUTFLOWS

Florence Outflow 4,200

Santan-Sacaton Mountains Qutflow 4,800

TOTAL OUTFLQN 9,000

NET FLUX (INFLOW-OUTFLOW) 65,800

(Figures are preliminary estimates subject to revision)

Average UAU K 350 gpd/Ft< - 450 gpd/Ft2

LCU K 35 gpd/Ft° - 45 gpd/Ft
Average Saturated Thicknesses Derived from Figures 9, 7, 18
Average Gradients Derived from Figures 16, 18

Values used to calculate }ab]e 4 Inf]ow§/0utf1ows
2

*  Figures rounded to nearest 100 ACRE-FT/YR
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B. PUMPAGE

Pumpage is addressed in this section for two time periods: 1) Historical,
1915 to 1983, and 2) 1984 to 1987. Annual pumpage volumes are presented for

all years. Pumpage volumes distributed by sec<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>